Supernatants from 72-h peptone-starch-dextrose broth cultures of Corynebacterium vaginale contained significant quantities of three extracellular, soluble antigens (ESA). The ESA were concentrated and partially purified by dialysis followed by ammonium sulfate and ethanol precipitation. Diethylaminoethylcellulose columns were used to isolate two of the three ESA. The ESA were shown to be similar to antigens found on whole C. vaginale cells. Absorption studies indicated that the cell antigens are located at, or near, the surface. On the bases of heat stability, resistance to protease treatment, concanavalin A binding activity, and susceptibility to periodate, it appears that all three ESA are polysaccharide or glycoprotein in nature.
A number of serological studies have been undertaken to develop a simple method to distinguish Corynebacterium vaginale and other possibly related bacteria, particularly those found as part of the normal flora of the genital tract (4, (10) (11) (12) (13) . Although the indirect fluorescent-antibody technique is a simple and rapid method for presumptive identification of C. vaginale (13) , it lacks the resolving power of the Ouchterlony technique, which has the ability to recognize antigens and antibodies in mixtures and to establish the identity of antigens. Ouchterlony studies indicate that C. vaginale produces three extracellular, soluble antigens (ESA), at least one of which may be useful to distinguish C. vaginale from other possibly related diphtheroid-like bacteria (11) .
Interest in the potential use of ESA in techniques for characterization and rapid identification of C. vaginale has prompted our efforts to devise methods for their purification. The present report describes isolation of two of the three antigens from cell-free culture supernatants of C. vaginale. In addition, the three ESA were shown to be carbohydrate or glycoprotein in nature and are immunologically similar to antigens found at, or near, the surface of whole C. vaginale cells. The apparent similarities between ESA of C. vaginale and the C-polysaccharide and C-capsular polysaccharide of Streptococcus pneumoniae are discussed.
MATERIALS AND METHODS
Organisms. The type strain 594 was obtained from the American Type Culture Collection (14018).
Media. C. vaginale was isolated and maintained on blood agar plates (Baltimore Biological Laboratory, Cockeysville, Md.), incubated under increased carbon dioxide tension in a candle jar at 37°C.
In the first series of experiments, C. vaginale was grown either diphasically (13) or in liter flasks of peptone-starch-dextrose (PSD) broth (5) on a rotary shaker operated at 120 rpm (Lab-Line Instruments, Melrose Park, Ill.) at 37°C for 48 to 72 h. PSD broth was established as the best growth medium and was used in subsequent studies. To facilitate high yields, organisms were collected by swab from five blood agar plates and inoculated into 200 ml of PSD broth, which was allowed to grow on a shaker for 48 h. The 200 ml of material was then transferred to the flasks containing 1,000 ml of PSD broth, which were incubated for 48 h at 370C. Extraction of antigen(s). Cells were separated from PSD broth by centrifuging 350-ml aliquots for 1 h at 13,700 x g (Sorvall RC 2-B, Newton, Conn.). The ammonium sulfate and alcohol precipitation technique yielded significant quantities of C. vaginale ESA. Initially, the procedure was critically evaluated to determine conditions (e.g., concentration of precipitating agent, pH, etc.) specific for optimal purification of C. vaginale ESA. The Ouchterlony technique was used to estimate the number and amount of antigenic components present before and after each step. The best results were obtained when 72-h PSD broth supernatant was dialyzed for 48 h against two changes of deionized water at a ratio of 1:10. The material was lyophilized and reconstituted to V/ of its original volume. Ammonium sulfate (51 g per 100 ml) was added gradually with constant stirring. After overnight incubation at 4°C, the precipitates recovered by centrifugation at 9,000 x g for 1 h were combined, resuspended in deionized water at a 3:1 (vol/vol) ratio, and dialyzed for 72 h against multiple changes of phosphatebuffered saline, pH 7.2, to remove ammonium sulfate. The dialyzed, precipitated cell-free C. vaginale-inoculated broth extract was designated PCFE.
ANALYSIS OF C. VAGINALE ANTIGENS
Column chromatography. Column chromatography was used to purify and to isolate C. vaginale antigenic components from PCFE. The column eluates were monitored for protein, at 280 nm, and for carbohydrate, by means of the Dubois procedure (3). Both the number and identity of the antigenic components were determined in each fraction by the Ouchterlony technique.
Diethylaminoethyl(DEAE)-cellulose (medium mesh, 0.92 meq/g; Sigma Chemical Co., St. Louis, Mo.) was regenerated and allowed to equilibrate with a 0.1 M tris(hydroxymethyl)aminomethane(Tris)-hydrochloride buffer at a pH of 7.7. After deaeration, the columns (1.6 by 40 cm; bed volume, 80 ml) were gravity packed and equilibrated with four times the bed volume of the equilibrating buffer at 0.01 M concentration. Elution was performed with a linear pH gradient composed of a 0.01 M citric acid-Na2HPO4 buffer decreasing in pH from 7.2 to 2.8 over a 24-h interval. Linear gradients were prepared by using an LKB 11300 Ultograd gradient mixer and small mixing chamber (1136-1) with the volume set at 0.25 ml (LKB Instruments, 12221, Rockville, Md.). At the end of each run, the columns were purged with the final buffer saturated with sodium chloride. Flow rate was maintained at 1.5 ml/min, and 7-ml fractions were collected by an LKB Ultorac fraction collector (7000) with the volume drop-siphon setting at 120 drops per tube. Fractions were combined, dialyzed against two changes of deionized water at a 1:10 ratio, concentrated by lyophilization, reconstituted with 0.3 ml of deionized water, and tested for antigenic activity by the Ouchterlony technique.
Immunization schedule. The schedule used to prepare antiserum against whole C. vaginale cells (anti-14018Di) has been previously described (13) . A total of three rabbits was also injected with various concentrations of each of two PCFE preparations. The PCFE was reconstituted with deionized water (1 g/ml of water) and contained approximately 5 to 8 mg of protein (9) (11) . The concentration of the material tested for antigenic activity varied, depending on the source and technique used to obtain the PCFE. In the preliminary studies, in which various extraction conditions were compared, the PCFE was reconstituted to 0.1 g of preparation per ml. The material from each DEAE fraction was reconstituted with 0.3 ml of deionized water. Two immunodiffusion patterns were routinely used: (i) immunodiffusion systems were prepared in which the fractions were placed in adjacent wells in order to detect patterns of identity and (ii) the fractions were also tested in systems in which they were bordered by wells containing PCFE to enhance the reactions of antigen(s) present in low concentration and, thus, detect their presence (11) .
Chemical characterization of ESA. The effect of each technique used to chemically characterize ESA was determined by testing dilutions of treated and control materials for antigenic activity by the Ouchterlony technique, using anti-14018Di, anti-PCFE, anti-i, anti-m, and anti-o.
Determination of heat stability. The PCFE (100 mg) was dissolved in 1.0 ml of deionized water and heated to 60 or 100°C for 30 min. Dilutions of the heated and unheated extract were then tested for antigenic activity.
Extractability with chloroform-methanol. A 2-g sample of PCFE was extracted at room temperature with 30 ml of chloroform-methanol (2:1, vol/vol). The extraction was performed for 3 h, followed by a second extraction with 10 ml of chloroform-methanol (2:1, vol/vol) for 30 min. Dilutions of the nonextractable material were tested for antigenic activity.
Effect of treatment with protease. An enziteagarose protease column (Miles Laboratories, Inc., Kankakee, Ill.) was used to test lability of C. vaginale antigens to a broad-spectrum protease obtained from Streptomyces griseus. PCFE (100 mg dissolved in 1 ml of a 0.01 M Tris-hydrochloric acid buffer, pH 7.1) was applied to a 3-ml protease column (1.4 by 2.3 cm). After incubation at room temperature for 24 h, the extract was eluted from the column with 0.01 M Tris-hydrochloric acid, and the volume was adjusted to 5 ml with deionized water. After dialysis against 10 volumes of deionized water, a 0.1-ml fraction was diluted 1:10 with deionized water. This solution was read spectrophotometrically at 280 nm, and total optical density (OD) units was calculated. The column eluate was subsequently lyophilized, weighed, reconstituted to 0.2 ml with deionized water, and tested for antigenic activity by the Ouchterlony technique. A control sample (100 mg of broth extract per 1 Initial experiments revealed that ammonium sulfate and ethanol precipitated all of the antigenic components from PCFE. A typical experiment, using dialysis followed by precipitation with 80% ammonium sulfate and ethanol (5 volumes of ethanol to 1 volume of ammonium sulfate-precipitated extract), is presented in Table  1 . After dialysis, the volume of material was reduced 5-fold with a 216-fold increase in immunological reactivity. The subsequent precipitation steps did not result in a significant increase in specific immunological reactivity but were necessary for isolation and separation of antigenic components by DEAE-cellulose chromatography and were included in the remaining experiments. As described previously, three precipitin bands formed when the PCFE preparation was tested for antigenic activity (11) . The antigens present in PCFE were designated according to their location with respect to the antibody well: i.e., the antigen that formed the precipitin band closest to the antibody well was designated antigen (i); the antigen that formed the outer precipitin band was designated (o); and the antigen that formed the middle precipitin band was designated (m).
Column chromatography. The best separation of antigenic components was achieved when the conditions were as follows: (i) a DEAEcellulose column was initially equilibrated to pH 7.7 with an 0.01 M Tris-hydrochloride buffer, and (ii) the sample was equilibrated to pH 7.2 by dialysis against a 0.01 M citric acid-Na2HPO4 buffer overnight at 4°C. Antigenic component (i) was washed from the column by the equilibrating buffer (0.01 M citric acid-Na2HPO4, pH 7.2) at a flow rate of 1.5 ml/min. After 70 min, a linear pH gradient, ranging from pH 7.2 for 0.01 M citric acid-Na2HPO4 buffer to pH 2.8 Figure 1 indicates the separation achieved. Antigen (i) was found in peak 1; antigen (m) was found in peak 4; and antigen (o) was found in peaks 3 and 4. Chemical determinations indicated that the carbohydrate peaks coincided with the protein peaks. Evaluation of antisera prepared against whole cells and broth extract. The anti14018Di antiserum used in this study was previously shown to react with all C. vaginale isolates tested by indirect fluorescent-antibody and by Ouchterlony techniques (11, 13) . Anti14018Di produces three precipitin bands with PCFE and at least one precipitin band with sonically treated extracts of each of 15 C. vaginale isolates tested and, therefore, was used to evaluate all of the various isolation procedures.
Since preliminary studies indicated that PCFE could be used as a source of ESA, it was necessary to prove that the antigens present in PCFE were identical to those found on whole cells. This was done by two distinct approaches. First, antisera were prepared against the PCFE, and the reactivity of anti-PCFE antiserum was compared with that of anti-14018Di antiserum to demonstrate that whole cells and PCFE induce formation of similar antibodies. Second, cross-adsorption studies were done to demonstrate that whole cells could be used to completely remove the antibody activity in anti-PCFE and anti-14018Di antisera.
Anti-PCFE antiserum gave five precipitin bands when reacted against extracts of PSD broth inoculated with C. vaginale and two precipitin bands with uninoculated PSD broth, which was dialyzed and precipitated as described for the C. vaginale-inoculated PSD broth. Fifty milligrams of proteose peptone no. 3 was added directly to 1 ml of anti-PCFE, and the mixture was incubated for 48 h at 4°C. After centrifugation (20,000 rpm for 15 min at 400), the supernatant was carefully removed. After this absorption, anti-PCFE no longer reacted with extract of uninoculated PSD broth and now showed three precipitin bands against the PCFE. The precipitin bands formed when peptone-absorbed anti-PCFE antiserum was reacted against PCFE appeared to coalesce with the precipitin bands formed when anti-14018Di antiserum was tested in adjacent agar wells against the same antigen preparation. These two antisera produced similar precipitin reaction patterns against each of 15 C. vaginale isolates tested. Some minor differences in reaction patterns of these two antisera were observed when they were tested against antigens isolated from DEAE-cellulose columns. When anti-14018Di and peptone-absorbed anti-PCFE antisera were tested against column fractions F1, containing isolated antigen (i), F3, containing isolated antigen (o), and F4, containing antigens (m) and (o), similar immunodiffusion patterns developed against the C. vaginale ESA ( Fig. 2A and B) . Both antisera produced one precipitin band with fractions F1 and F3 and two precipitin bands with fraction F4. With both antisera, the precipitin bands formed with fraction F3 coalesced with one of the precipitin bands formed with fraction F4, indicating identity. The second precipitin band formed with both antisera against fraction F4 crossed the precipitin band formed against fraction F3, indicating nonidentity. The antisera differed slightly, since the band which developed when anti-14018Di antiserum was tested against fraction F3 usually showed a spur (reaction of partial identity) over the band formed against fraction Fl (Fig. 2A) . In contrast, a reaction of complete identity was seen when peptone-absorbed anti-PCFE antiserum was tested against these same fractions (Fig. 2B ). This finding suggested that both antisera detect a common determinant present in fractions Fl and F3, but that anti-14018Di antiserum detects an additional determinant in fraction F3 that is not detected by peptone-absorbed anti-PCFE antiserum.
Adsorption of the anti-14018Di or anti-PCFE antisera with whole C. Anti-PCFE antiserum was not as readily absorbed with column fractions because prior absorption with proteose peptone no. 3 to remove antibodies directed against the growth media increased viscosity of the antiserum. After two absorptions of peptone-absorbed anti-PCFE antiserum with fractions Fl (0.224 g/ml), the antiserum still reacted with fraction Fl, and the viscosity of the antiserum prohibited further absorptions. Therefore, this approach to preparing antisera monospecific for either antigen (m) or (o) was prohibited. In addition, when peptone-absorbed anti-PCFE antiserum was absorbed with fraction F3, precipitin bands still formed against fractions Fl and F4, which suggests that the antigens present in fractions Fl and F4 possess unique determinants not shared by the antigen in fraction F3. Further absorption of this antiserum with either fraction Fl or F4 was prohibited by viscosity of the antiserum.
Heat stability. Heating the broth at 60 or 1000C for 30 min did not alter antigenic activity.
Antisera reacted with the same dilution of either heated or unheated PCFE: i.e., anti-14018Di, anti-m, and anti-PCFE antisera reacted with a dilution of 1:16; anti-o antiserum reacted with a dilution of 1:8; and anti-i antiserum reacted with a dilution of 1:2 of either treated or untreated antigen.
Extractability with chloroform-methanol. The antigens present in PCFE were not extracted by chloroform-methanol since each of the five antisera reacted with the same dilution of the material remaining after extraction.
Effect of treatment with protease. Of the 100 mg of PCFE applied to the protease column, 25 
DISCUSSION
A primary objective of this study was to characterize ESA produced by C. vaginale. It was first necessary, therefore, to devise a procedure by which these antigens could be obtained in relatively large quantity, free from contamination by other bacterial material and the complex media components in the culture supernatants. The scheme that was finally adopted to obtain the antigens involved a combination of dialysis 3 C followed by ammonium sulfate and ethanol pre- The three antigens are most likely carbohya and b did drates since they are all heat stable, resist pro-;e, and frac-tease, and are susceptible to periodate treatydrate since ment. Additional evidence that antigens (m) and (o) are carbohydrates was obtained by demonstrating that they bind to ConA-Sepharose. The reaction between ConA and carbohydrate-containing molecules is specific for a-D-glucosyl and sterically related residues (7). It should be pointed out, however, that the antigens may be glycoproteins or glycopeptides but: (i) the carbohydrate moiety of the compound is protecting the protein component from destruction, and/or (ii) the protein moiety is not part of the antigenic determinant.
The anti-PCFE antiserum used in these studies reacted with PCFE and washed whole cells of all C. vaginale isolates tested to date. This suggests that the "common" antigen described earlier on whole cells (11) is also released into the broth during growth of the organism. To characterize this "common" antigen, it would be necessary to study C. vaginale isolates and other possibly related bacteria by using monospecific antisera prepared against each ESA antigen. These experiments are presently in progress, and the results will be discussed in a subsequent report.
The absorption studies indicated that antigens (i) and (o) share a common determinant, since the titer of the anti-14018Di antiserum, when tested against antigen (i), dropped fourfold after absorption with DEAE fraction F3, containing antigen (o). A similar drop in titer of the anti14018Di antiserum was observed against antigen (o) after absorption with fraction Fl, which contained antigen (i). In this respect, antigens (i) and (o) appeared similar to the C-polysaccharide and C-capsular polysaccharide isolated from S. pneumoniae (1) and other alpha-hemolytic streptococci (8) . Based on these observations, the anti-i and anti-o antisera were tested against alcohol extracts of cell washings from several strains of S. pneumoniae (which cells contain C-polysaccharide) and Klebisella pneumoniae (which cells do not contain C-polysaccharide) by the Ouchterlony technique. A precipitin band formed with the extracts from S. pneumoniae, but not with the extracts from K. pneumoniae. Further studies using monospecific antisera prepared against isolated antigens (i) and (o) are being undertaken to clarify these apparent relationships.
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